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We report on the observation of terahertz radiation induced photoconductivity and of terahertz analog of
the microwave-induced resistance oscillations (MIRO) in HgTe-based quantumwell (QW) structures of dif-
ferentwidth. TheMIRO-like effect has been detected inQWsof 20nm thicknesswith inverted band structure
and a rather low mobility of about 3×105 cm2/V s. In a number of other structures with QW widths rang-
ing from 5 to 20 nm and lower mobility we observed an unconventional non-oscillatory photoconductivity
signal which changes its sign upon magnetic field increase. This effect was observed in structures charac-
terized by both normal and inverted band ordering, as well as in QWs with critical thickness and linear dis-
persion. In samples having Hall bar and Corbino geometries an increase of the magnetic field resulted in a
single and double change of the sign of the photoresponse, respectively. We show that within the bolometric
mechanism of the photoresponse these unusual features imply a non-monotonic behavior of the transport
scattering rate, which should decrease (increase) with temperature for magnetic fields below (above) the
certain value. This behavior is found to be consistent with the results of dark transport measurements of
magnetoresistivity at different sample temperatures. Our experiments demonstrate that photoconductivity
is a very sensitive probe of the temperature variations of the transport characteristics, even those that are
hardly detectable using standard transportmeasurements.
PACS numbers:
I. INTRODUCTION
The richness and diversity of nonequilibrium magneto-
transport phenomena in nanostructures make them an in-
dispensable tool for studying their electronic properties,
important both for fundamental science and applications.
Among recent advances, a particularly intriguing one has
been the discovery of the microwave-induced resistance
oscillations (MIRO) and associated zero resistance states
in two-dimensional electron systems (2DES).1–8 Similar to
conventional Shubnikov-de Haas (SdH) oscillations in the
linear magnetotransport, MIRO are 1/B-periodic oscilla-
tions of the photoresistivity. While the SdH oscillations are
governed by the ratio µ/~ωc of the chemical potential µ
and the cyclotron energy ~ωc = ~eB/me, MIRO reflect the
commensurability between the photon energy ~ω = ~2pi f
and the cyclotron energy ~ωc. Here B is the strength of the
magnetic field applied normally to the plane of the 2DES,
f = ω/2pi is the radiation frequency, and e and me are the
electron charge and mass. In the dirty limit ωcτq ≪ 1 of
strongly overlapping Landau levels, broadened by disorder,
and not too strong radiation power P , the B-dependence of
MIRO is well described by the expression8
∆ρxx
ρxx
=−A
ω
ωc
sin
2piω
ωc
exp
(
−2pi
ωcτq
)
. (1)
Here∆ρxx denotes the correction to the dark dissipative re-
sistivity ρxx induced by the radiation, the amplitude A is
proportional to the radiation power P , and τq is the quan-
tum scattering time describing the exponential damping of
oscillations at low B . The distinctive feature ofMIRO is their
ω/ωc-periodicity, with the maxima/minima being quarter-
of-the-period shifted9 from the harmonics of the cyclotron
resonance (CR) at integer ω/ωc.
The exponential damping of MIRO at low B , see Eq. (1),
imposes a rigid necessary condition for their observation,
f τq & 1, (2)
which implies that the illumination frequency f should be
at least of the same order of magnitude as the quantum
scattering rate 1/τq. Since this scattering rate in most ma-
terials falls into the picosecond or sub-picosecond range,
it is not surprising that strong microwave induced resis-
tance oscillations and, especially, zero resistance states
have so far been observed exclusively in 2DES of high-
est quality, namely, in ultra-high mobility GaAs/AlGaAs
heterostructures,1–8 in ultra-clean 2DES on the surface of
liquid helium,10–13 and, more recently, also in the highest
quality Si/SiGe14,15 andMgZnO/ZnO16 heterostructures.
On the other hand, in the terahertz range of frequencies
the requirement (2) on thematerial quality becomes less re-
strictive, which opens a possibility to study MIRO and re-
lated effects in a wider range of materials and conditions.
Indeed, recent experiments17,18 have shown that in the ter-
ahertz range pronounced MIRO-like oscillations can be in-
duced in GaAs/AlGaAs structures with mobility as low as
1.5×105 cm2/V s, which is two orders of magnitude smaller
than in conventional MIRO studies. In particular, using THz
frequencies allows one a search forMIRO in topological ma-
terials with strong spin-orbit coupling and inverse band or-
dering, but so far rather low mobilities. Such studies could
provide additional information on specific transport mech-
anisms in thesematerials, and is also important for a deeper
understanding of the MIRO effect itself.
2sample
number
QW thickness
d (nm)
geometry
substrate
orientation
ns
(
1011 cm−2
)
µ
(
104 cm2/Vs
)
size (mm)
#1 20 Hall bar with gate (001) 1÷7 17÷50 l = 0.25, w = 0.05
#2 20 van der Pauw (001) 1 17 a = 5
#3 20 Hall bar (013) 8.2 15 l = 0.25, w = 0.05
#4 8 Hall bar (013) 7.5 6.7 l = 0.25, w = 0.05
#5 6.6 Corbino (013) 12 4.4 ri = 0.36, ro = 1.9
#6 6.5 Hall bar (013) 10 13 l = 0.25, w = 0.05
#7 6.5 Corbino (013) 9.7 11 ri = 0.25, ro = 1.9
#8 5.0 Corbino (013) 4.0 0.14 ri = 0.32, ro = 1.2
TABLE I: Parameters of the samples used for presentation in Figs. 1-8. Electron densities andmobilities were obtained from low tempera-
turemagnetotransportmeasurements. Note that the actualmobilities for Corbino samples can have slightly larger values than those given
in the table due to unavoidable contribution of the contact resistance in the corresponding two-pointmeasurements.
Here we report on the observation of MIRO-like os-
cillations excited by radiation with a frequency of f =
0.69THz in aHgTe/CdHgTeheterostructure hosting a quan-
tum well (QW) with inverted band structure. MIRO-like
1/B-oscillations coupled to CR and its harmonics have been
detected in a single sample with QW of 20 nm thickness.
The corresponding results are presented in Sec. III after in-
troducing our samples characteristics and the experimental
setup in Sec. II.
A particular feature of theHgTe/CdHgTe heterostructures
is that one can obtain a Dirac-like, inverted and normal
energy dispersions without changing the material.19 Thus,
investigating various electronic properties in HgTe-based
quantum wells with different thicknesses one can address
similarities and differences of emerging phenomena for dif-
ferent types of electron energy spectra. While searching for
MIRO-like oscillations in heterostructures corresponding to
all three types of energy dispersion, we unexpectedly found
a non-oscillatory photoconductivity signal which, however,
changes its signupon variationof themagnetic field. The ef-
fect is observed in structures with different QW thicknesses
characterized by normal and inverted bandordering, aswell
as in QWswith critical thickness corresponding to the linear
energy dispersion. We show that in samples having Hall bar
and Corbino geometries an increase of the magnetic field
results in a single and double change of the sign of the pho-
toresponse, respectively. The details of this unusual sign-
alternating photoresponse are presented in Sec. IV. In Sec. V
the origin of the sign inversions is discussedwithin thebolo-
metric mechanism of the photoresponse. This model ex-
plains well the experimental findings, and is additionally
supported by the temperature dependence of the darkmag-
netotransport. Main results are summarized in Sec. VI.
II. SAMPLES AND EXPERIMENTAL SETUP
For our experiments we used HgTe/CdHgTe QWs grown
by molecular beam epitaxy on GaAs substrates with (013)
and (001) orientation.20 We studied a number of samples
with different band order and dispersion, including (i) QWs
with thickness d = 20 and 8nm (inverted band order and
parabolic dispersion),21,22 (ii) QWs with d = 5.7nm (normal
band order and parabolic dispersion), and (iii) QWs with
d = 6.6 and 6.5nm close to critical thickness,19,23,24 with the
band structure described by a linear dispersion. Geometri-
cal and transport parameters of all samples are summarized
in Table I.
For photoconductivity, photoresistivity, and magneto-
transport measurements we used samples having both
Corbino and Hall bar geometries. Hall bars having lengths
l , widths w , and with potentiometric contacts spaced by
250 µm were fabricated using optical lithography. Sam-
ple #1 has a semitransparent gate composed of a 20 nm
Ti layer and a 5 nm Au layer, which was made on top of a
200 nm-thick SiO2 layer deposited using the plasmochemi-
cal method. Both center and outer ring contacts in Corbino
samples were made on top of the HgTe-based heterostruc-
ture via diffusion of indium. The inner, ri, and outer radii,
ro, of the resulting Corbino samples are given in Table I.
Furthermore, for determination of the CR positions we per-
formed measurements of radiation transmission. For these
measurements we used large area samples having either
Corbino or van der Pauw geometry. The van der Pauw sam-
ples are square-shaped with a side length a.
The samples were placed in an optical temperature-
regulated cryostat with z-cut crystal quartz windows. All
windows were covered by a thick black polyethylene film
which is transparent in the terahertz range but prevents
uncontrolled illumination of the sample with room light
in both visible and infrared ranges. We used a continu-
ous flow cryostat, which allows us to measure the tempera-
ture dependence of the photoresponse. The magnetic field
B up to 7 T has been applied normal to the QW plane.
We also performed standard 4-terminal magnetotransport
measurements in the absence of irradiation in order to con-
firm the origin of the sign-alternating photoresponse and to
determine the electrondensities andmobilities for all inves-
tigated samples (see Table I).
Terahertz radiation in our experiments is provided by a
continuous wave terahertzmolecular gas laser25,26 optically
pumped by a CO2 laser. We used CH3OH and CH2O2 as
active media to obtain linearly polarized radiation with a
frequency of f = 2.54, 1.63, and 0.69THz corresponding
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FIG. 1: Magnetic field dependence of the photoresistivity mea-
sured in a Hall bar sample with d = 20 nm (sample #1) at T =
2 K under illumination with linearly polarized radiation at f =
0.69 THz. The data were obtained using the double modulation
technique with an applied alternating current of I = 16 µA. The
dashed vertical lines indicate the position of CR, BCR = 0.47 T, and
of its second harmonics, BCR/2. The value of BCR was obtained
from the transmission measurements (not shown) in a square-
shaped van der Pauw sample made from the same wafer (sample
#2). The presented data correspond to different gate voltages be-
tween Vg = 2 V and Vg = 10 V. The intensity of the terahertz radia-
tion incident on the samplewas IR = 0.06W/cm
2 . Traces for differ-
ent gate voltages are marked by different colors and are vertically
shifted by 0.1Ω for visibility.
to photon energies ~ω = 10.50, 6.74, and 2.85meV, respec-
tively. The peak power PR at a sample position was in the
range from 5 to 30mW. The beam shape and parameters
were controlled using a pyroelectric camera.27 The laser
spot diameter at FWHMwas 0.15, 0.3, and 0.45 mm for laser
lines with f = 2.54 1.63, and 0.69THz, respectively. These
values have been used to obtain peak intensities IR. In some
measurements, quarter wave plates made of x−cut crystal
quartz have been used to obtain right-handed (σ+) and left-
handed (σ−) circularly polarized radiation.
The laser beam was chopped at a frequency fchop =
170Hz and focused inside the optical cryostat by a parabolic
mirror. Photoconductivity was measured using either the
dc-photoconductivity or double-modulation setup. In the
former setup, a dc bias voltage or current is applied to the
sample and the photosignal modulated at the chopper fre-
quency fchop is measured as the voltage drop over a load
resistor using standard lock-in technique. The photocon-
ductivity and photocurrent signals can be extracted by sub-
tracting (summing up) the signals obtained for opposite dc-
bias polarities. In the doublemodulation setup, an alternat-
ing current is applied to the sample. The photosignal mea-
sured over two contacts is modulated at the ac frequency
fac = 12Hz as well as at the chopper frequency fchop of the
incident laser beam, and is read out by two lock-in ampli-
fiers in series.
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FIG. 2: The electron density ns [panel (a)] and mobility µ [panel
(b)] as a function of the applied gate voltageVg for Hall bar sample
#1. Both dependencies are extracted from the magnetotransport
measurements without terahertz irradiation, as described in the
text. At high Vg > 6 V the dependence ns(Vg) starts to deviate from
linear (dashed line), which is most probably related to occupation
of the second electron subband in the QW.28
III. MIRO-LIKE OSCILLATIONS
MIRO-like oscillations were observed in the sample hav-
ing the highest mobility (sample #1, see Tab. I). This sam-
ple hosts a 20 nm HgTe QW and is equipped with a semi-
transparent gate. The sample was illuminated by linearly
polarized radiation with a frequency of f = 0.69 THz. Fig-
ure 1 presents the magnetic field dependence of the ter-
ahertz radiation induced change in resistivity obtained at
a temperature of T = 2 K. The data clearly demonstrate
that terahertz radiation results in an oscillatory photore-
sistivity. The nodes of the oscillatory signal coincide with
CR at B = BCR = 2pime f /e and with its second harmon-
ics at B = BCR/2, as indicated by the vertical dashed lines.
This observation provides a clear evidence that the oscilla-
tions are indeed of the same origin as MIRO observed be-
fore, see Eq. (1). Similar behavior has also been obtained
at T = 4.2 K. Note that the CR position, BCR = 0.47 T (cor-
responding to the cyclotron mass me = 0.019m0), was ob-
tained from independentmeasurements of the terahertz ra-
diation transmission (not shown). The transmission mea-
surements were performed using circularly-polarized tera-
hertz radiation and displayed conventional CR dips at pos-
itive (negative) B for right-handed (left-handed) polariza-
tion.
The oscillations in Fig. 1 are detected in a wide electron
density range controlled by the applied gate voltage vary-
ing from Vg = 2 to 10 V. The corresponding changes in the
electron density and mobility, as obtained from magneto-
transport measurements, are shown in Fig. 2. The density
ns(Vg) in Fig. 2(a) was obtained from the Hall resistance ρx y
measured as a function of the applied gate voltage Vg at
fixed B = 0.2 T. The linearity of ρx y as a function of B was
checked in the whole relevant interval of gate voltages, 0 <
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FIG. 3: Magnetic field dependence of the photoconductivity∆σxx
measured in Corbino sample #7 (d = 6.5 nm) illuminated by right-
handed circularly polarized radiation of frequencies f = 2.54, 1.63,
and 0.69 THz. The two upper curves are vertically shifted each by
3×10−3Ω−1 for visibility. The photoconductivity exhibits two sign
inversions, going from positive to negative values at B = Binv and
back to positive values at B = B∗
inv
. The top inset shows the low-
field portion of the B-dependence of the photoconductivity for all
three frequencies (here the data are normalized to the values of
photoconductivity at B = 0). The bottom inset shows the depen-
dencies of the first (Binv) and second (B
∗
inv
) inversion points on
the photon energy ~ω.
Vg < 10 V. Using the obtained ns(Vg), the electron mobility
µ(Vg) [panel (b)] was extracted from the measured diagonal
resistivity at B = 0. It is seen that in the range 0 < Vg < 10 V
the electron density increases from 2 to 7×1011 cm−2, while
the mobility decreases from 5 to 2.5×105 cm2/Vs. Figure 1
reveals that these changes result in a moderate increase of
the MIRO amplitude. Note that the positions of the MIRO
nodes (and oscillation minima/maxima as well) do not vary
with the electron density, in agreement with Eq. (1).
While MIRO have been typically detected in high-
mobility samples with µ& 106 cm2/Vs, see Ref. 8, the mo-
bility of our sample #1 is substantially lower. A short mo-
mentum relaxation time τ (in the range from 2.8 to 5.7 ps for
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FIG. 4: Magnetic field dependence of the photoresistivity (nor-
malized to the dark resistivity ρxx ) measured in the Hall bar sam-
ple #6 (d = 6.5 nm) under incidence of linearly polarized radiation
of frequency f = 2.54 THz and intensity IR = 1.2 W/cm
2. Panel
(a) shows the data for T = 2 K in the full range of magnetic fields,
while panel (b) shows the range of B corresponding to the sign in-
versions and presents data obtained at several temperatures. The
photoresistivity goes fromnegative to positive values at |B | =B∗
inv
.
The inset in panel (a) shows the T -dependence of B∗
inv
. Note that
the values B∗
inv
nearly coincide with positions of the second inver-
sion points in the Corbino sample #7 made from the same wafer,
see Fig. 3.
the mobility range quoted above) implies an even shorter
quantum lifetime τq < τ. This results in a relatively small
value of f τq ∼ 1, see Eqs. (1) and (2), and causes a strong
decay of the observed oscillations. At the same time, previ-
ous theoretical and experimental studies (see e.g. Refs. 8,18)
indicate that the amplitude of MIRO rapidly decreases with
the raise of radiation frequency, consistent with the theoret-
icalω−4 scaling of A in Eq. (1). It is thus not surprising that at
the higher frequency f = 2.54 THz MIRO were not detected
for available intensities of continuous illumination, despite
an obviously larger value of f τq. At this higher frequency
we detected solely a resonant photoresponse in the vicin-
ity of BCR (not shown), which is attributed to the bolometric
CR signal (the change of the conductivity due to resonant
electron gas heating in the vicinity of CR). Note that, by con-
trast, at f = 0.69THz no discernible CR-induced bolometric
response is seen in Fig. 1.
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FIG. 5: Photoresponse for different samples as a function of mag-
netic field. The data were obtained at T = 4.2 K under irradiation
with f = 2.54 THz and IR ≃ 0.7 W/cm
2. Panels (a) and (b) show
photoresistivity∆ρxx for samples #3 (d = 20nm) and #4 (d = 8nm)
havingHall bar geometry. Panel (c) displays the photoconductivity
∆σxx for the Corbino sample #8 with d = 5 nm. Note that the sam-
ple #8 has much smaller mobility in comparison to other samples,
see Table I. Therefore, both Binv and B
∗
inv
are shifted to stronger
fields.
IV. SIGN-ALTERNATING TERAHERTZ PHOTOCONDUCTIVITY
AND PHOTORESISTIVITY
In search for MIRO in HgTe-based QWs we performed
measurements on many samples with different QW thick-
ness, band ordering, and geometry, see Table I. So far, MIRO
were detected exclusively in sample #1 with the highest mo-
bility as presented above. In all other samples #3-#8 we in-
stead observe an unusual sign-alternating photoresponse at
low B , which is followed at higher B by conventional 1/B-
periodic oscillations with the period corresponding to that
of SdHoscillations, see Figs. 3-5. A characteristic example of
such behavior is shown in Fig. 3. It displays photoconduc-
tivity (the terahertz radiation-induced change ∆σxx of the
longitudinal conductivity σxx ) measured in sample #7 hav-
ing Corbino geometry. This sample hosts a QW of width d =
B (T)
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FIG. 6: Magnetic field dependencies of the photoconductivity
∆σxx induced by linearly polarized THz radiation and of the re-
ciprocal conductivityσ−1xx obtained inmagnetotransportmeasure-
ments without THz irradiation. Panel (a) shows data for Corbino
sample #7 illuminated by radiation with f = 0.69 THz and inten-
sity IR = 0.05 W/cm
2, while panel (b) presents data for Corbino
sample #5 illuminated by radiation with f = 2.54 THz and inten-
sity IR = 1 W/cm
2.
6.5nm close to the critical thickness and, consequently, is
characterized by an almost linear energy dispersion.19,23,24
The high-field portion of the data in Fig. 3 exhibits
pronounced magneto-oscillations related to Shubnikov-de
Haas oscillations, which will be discussed in detail below.
Strikingly, in addition to these expected oscillations we ob-
serve a double sign inversion of the photoconductivity in
the lowmagnetic field region, substantially before the quan-
tum oscillations set in. This double sign inversion was de-
tected for different radiation frequencies, see Fig. 3. The po-
sitions of the first (Binv) and second (B
∗
inv
) inversion points
behave differently upon variation of the photon energy (see
top and bottom insets of Fig. 3). While the first inversion is
observed to be independent of frequency, the second one
slightly shifts to lower fields for larger photon energies ~ω.
We found that the inversion points always lie symmetrically
with respect to B = 0. In the following, Binv and B
∗
inv
refer to
their absolute values.
In contrast to Corbino samples, in Hall bar geometry the
low-B photoresponse features a single sign inversion only,
as exemplified in Fig. 4 for a sample #6 made from the same
wafer as sample #7. In Hall bars, one measures photore-
sistivity (the terahertz radiation-induced change ∆ρxx of
the longitudinal resistivity ρxx ) rather than photoconduc-
tivity. The figure shows that photoresisitivity is negative in
the low-B region and changes sign at B = B∗
inv
, which cor-
responds to the positions of the second inversion points in
the Corbino sample #7 measured under the same condi-
tions. Figure 4(b) and the inset of Fig. 4(a) present the tem-
perature behavior of the inversion point B∗
inv
demonstrating
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FIG. 7: Magnetic field dependencies of the photoconductivity
∆σxx and of the radiation transmission obtained for Corbino sam-
ple #7 illuminated with right-handed circularly polarized radia-
tion of frequencies f = 2.54 THz [panel (a)] and 0.69 THz [panel
(b)] and intensities IR = 0.3 and 0.06 W/cm
2, respectively. Vertical
dashed lines indicate positionsBCR of CR. Note that the photocon-
ductivity values in panel (b) are multiplied by a factor of 3.
that its position moves to higher B with rising temperature.
The same temperature dependence of the second inversion
point B∗
inv
is observed in Corbino geometry sample #7 as
shown in the inset to Fig. 4. Taken together, these obser-
vations demonstrate that the origin of this sign inversion is
the same in both geometries. By contrast, the first inver-
sion point Binv is observed in Corbino geometry only, and
does not depend both on either temperature or radiation
frequency.
Similar results were obtained in other samples having dif-
ferent energy dispersion, namely, in samples with inverted
band order [d = 20 and 8 nm, see Fig. 5 (a) and (b)], linear
dispersion [d = 6.5 nm, see Fig. 6 (b)], and normal band or-
der [d = 5 nm, Fig. 5 (c)]. The only difference between data
for all these samples was in the positions of Binv and B
∗
inv
.
The origin of the observed sign-alternating photoresponse
at low B is discussed below in Sec. V.
Now we turn to the oscillatory part of the photoconduc-
tivity at higher magnetic fields, see Figs. 3 - 5. In Fig. 6
we show the photoconductivity signals measured on two
Corbino samples with QW widths close to the critical thick-
ness, namely, on sample #7 (d = 6.5nm) and sample #5 (d =
6.6nm). Here we compare the photoconductivity with the
magnetotransport data (the inverse 1/σxx of the longitudi-
nal conductivity) measured in the absence of terahertz ra-
diation. The data reveal that the positions of minima and
maxima in ∆σxx coincide with those of the Shubnikov-de
Haas oscillations in 1/σxx . The coincidence of the pho-
toresponse oscillations and SdH has been detected for all
samples. Such behavior is a typical manifestation of the
radiation-induced heating of electrons leading to suppres-
sion of the SdH oscillations.22 At higher magnetic fields, the
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FIG. 8: Magnetotransport data obtained on Hall bar sample #6
with d = 6.5 nm. Panel (a) displays the sheet resistance ρxx for
four different temperatures in the range from 2 K up to 20 K [see
legend in panel (b)], as well as the Hall resistance ρx y measured at
T = 2 K. Panel (b) presents a zoomof themagnetotransport data at
small magnetic fields. The lowest curve displays the temperature
variation of ρxx between T = 20 K and 2 K (right axis). In the in-
set, a comparison of the conductivityσxx is displayed for Corbino
andHall bar samples made from the same wafer. The longitudinal
conductivity of the Hall bar is obtained via tensor inversion using
themeasured longitudinal and Hall resistivities.
form of the SdH oscillations in Fig. 6 is more complicated
since both cyclotron and spin gaps become resolved.
Studies of quantum oscillations at different frequencies
have shown that for high photon energies the oscillating sig-
nal is substantially enhanced at the positions of CR. An ex-
ample of such resonant photoresponse is shown in Fig. 7(a).
Note that the position of CR was determined from simul-
taneous transmission measurements. Surprisingly, no such
enhancement is observed at lower frequency ( f = 0.69THz),
where the position of CR lies below the magnetic field re-
gion of magneto-oscillations. Indeed, as demonstrated in
Fig. 7(b), in this case the photoresponse in the region of CR
is apparently completely featureless.
7V. DISCUSSION
In this section we discuss our main unexpected experi-
mental result: we systematically observe a double change
of the sign of photoconductivity in Corbino geometry and a
single inversion of photoresistivity in Hall bar geometry in
a number of investigated samples having different energy
dispersion.
We begin with the discussion of the first (low-field) inver-
sion point Binv in Corbino geometry, whichwas shown to be
independent of both temperature and photon energy, see
insets in Figs. 3 and 4. Within the semiclassical Drude de-
scriptionof the bolometric effect, such inversion is expected
to necessarily occur as a result of the transition from classi-
cally weak to classically strong magnetic fields at ωcτ = 1.
Here τ is the transport scattering time. Indeed, within the
Drudemodel the dc conductivity σxx ∝ τ/(1+ω
2
cτ
2) is pro-
portional to τ in the parametric region ωc = eB/me ≪ 1/τ,
while in the opposite limit ωc≫ 1/τ the conductivity σxx ∝
1/τ. Therefore, assuming that the transport time τ is modi-
fied under illumination (i.e., due to heating of carriers by the
terahertz electric field), the sign of the photoconductivity
should be opposite in these two regions. Within such a con-
ventional bolometric mechanism the inversion field Binv is
thus given by
Binv =
me
eτ
. (3)
To check whether the position of the first inversion point
Binv indeed follows Eq. (3), we extracted the transport life-
time from the dark transport measurements and the cy-
clotron mass me from the position of CR in the transmis-
sion data. For higher accuracy we used times τ extracted
from the transport measurements carried out on Hall bar
samples made from the same wafer as the Corbino struc-
tures. The obtained values of me and τ accurately repro-
duce the position of the first inversion point, which sup-
ports the bolometric nature of the observed photoresponse
at lowmagnetic fields. Also in agreement with our observa-
tions, within this mechanism the position of the inversion
pointBinv should be independent of the radiation frequency
and temperature (as long as the variation of τ due to heat-
ing remains small) since the change of frequency can only
modify the magnitude of heating.
While the inversion of the photoconductivity sign at
Binv =me/eτ is not surprising, the absolute sign of the pho-
toinduced signal on both sides of Binv is opposite to what
one would ordinarily expect. Indeed, the electron gas heat-
ing usually reduces the transport time due to an additional
contribution of the electron-phonon scattering to the mo-
mentum scattering rate.
In this case, the conductivity should be suppressed by il-
lumination for |B | < Binv (negative photoconductivity), and
enhanced otherwise. By contrast, we systematically ob-
serve a positive photoconductivity signal at ωcτ < 1 chang-
ing to negative at ωcτ= 1, which suggests that in all studied
Corbino samples heating leads to an increase of the trans-
port time instead of reducing it. In other words, our ob-
servations in Corbino samples suggest that dτ(T )/dT > 0
at B . Binv.
29
Within the same bolometric mechanism, for the Hall
bar measurements one expects no change in the sign of
photoresistivity at B = Binv. Since the classical Drude re-
sistivity ρxx is proportional to the momentum relaxation
rate 1/τ both in regions of classically weak and classically
strongmagnetic fields, the sign of bolometric photoresistiv-
ity should simply reflect the character of the T -dependence
of τ. To be consistent with the results obtained on Corbino
samples, the photoresistivity measured onHall bar samples
should be negative in some range of low magnetic fields in-
cluding Binv, in full accord with our observations.
We now turn our attention to the second inversion point
at |B | = B∗inv where both the photoconductivity in Corbino
samples and the photoresistivity inHall bar samples change
sign from negative to positive. Following the same line of
reasoning, it is natural to interpret this inversion as tran-
sition to a more conventional temperature dependence of
the scattering time, such that at |B | > B∗
inv
it has a negative
slope, dτ(T )/dT < 0. It is worth mentioning that this in-
version corresponds to the parametric region of classically
strong magnetic fields, B∗
inv
≫ Binv, where σxx ≃ ρxx/ρ
2
x y .
Since the Hall resistivity ρx y ≃ eB/n is insensitive to tem-
perature, illumination, and scattering in the relevant classi-
cal range of B , the qualitative behavior of the photoconduc-
tivity and photoresistivity atB ≫Binv should be the same, in
accordancewith our observations. At the same time, the vis-
ibility of the low-B features in photoconductivity (Corbino
samples) is strongly enhanced due to the large scaling factor
ρ
−2
x y ∝ B
−2 in comparison with those in the photoresistivity.
To summarize the above discussion, our observations of
the sign-alternating photoresponse are consistent with the
conventional bolometric effect if one assumes that the mo-
mentum relaxation rate decreases (increases) with temper-
ature for B below (above) the value B =B∗
inv
.
To confirm such an unusual temperature behavior of the
momentum scattering rate, we performed additional four-
point measurements of the Hall bar resistivity ρxx at dif-
ferent temperatures in the absence of the terahertz radia-
tion. The results are presented in Fig. 8. At first glance,
the temperature dependence of ρxx appears to be rather
weak in the relevant classical range of magnetic fields below
the onset of Shubnikov-de Haas oscillations. This is con-
sistent with the fact that in the classical region ρxx ∝ 1/τ
is only sensitive to the temperature variations of the trans-
port scattering rate, while the amplitude of Shubnikov-de
Haas oscillations includes an explicit and, in our case,much
stronger exponential temperature-dependent factor. How-
ever, a closer look, see Fig. 8 (b), demonstrates that the
transport rate 1/τ indeed exhibits the temperature depen-
dence that we inferred above from the form of the photore-
sponse: 1/τ decreases (increases) with temperature for B
below (above)∼0.8 T. This value agrees reasonably well with
the values of the high-field inversion point B∗inv in the pho-
toconductivity and photoresistivity thus providing a strong
support to the above bolometric interpretation of the sign-
alternating photoresponse in our samples.29 At the same
8time, a surprising result that under some conditions the
CR-related resonant bolometric response is not detected re-
mains unclear and requires further study.
VI. SUMMARY
To summarize, our experiments demonstrate that the ter-
ahertz analog of the microwave-induced resistance oscilla-
tions can be excited in HgTe-based quantumwell structures
with inverted band order, in spite of their moderate mo-
bility. Furthermore, we found that HgTe structures mani-
fest a distinct sign-alternating photoresponse at low mag-
netic fields. It features double and single sign inversions
in Corbino and Hall bar geometries, respectively. We show
that the sign-alternating photoconductivity can be consis-
tently described as the result of electron heating by radia-
tion (bolometric effect). Within this mechanism, the first
sign inversion in Corbino samples at B = Binv takes place
at ωcτ = 1 providing an optoelectronic method to measure
the carrier mobility. The second sign inversion at B = B∗
inv
(common in both geometries) is caused by different tem-
perature behavior of the transport scattering rate at mag-
netic fields below and above B = B∗
inv
. While this behavior
is found to be consistent with the direct transport measure-
ments at different sample temperatures, the effect is much
more pronounced in the photoresponse, where it qualita-
tively modifies the magnetic field dependence. We thus
demonstrate that photoconductivity can be a very sensitive
probe of the temperature variations of the transport char-
acteristics, even those that are hardly visible using the stan-
dard transport measurements.
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